The numbers of households in fuel poverty is increasing. Indeed, more and more people are struggling to heat their homes and therefore more and more people are exposed to low temperatures which can a¤ect their health. In this paper, we use the French database of the Healthcare and Insurance survey to study the link between a subjective measure of fuel poverty (coldness) and self-reported health. We also analyze the impact of other individual and environmental special features on self-reported health. The estimation of a dichotomous Probit model allows us to infer a negative impact of fuel poverty on self-reported health. Thus, a person in fuel poverty is 2.36 percentage points more likely to report poor or fair health status than a person who is not in fuel poverty. Accordingly, it may be appropriate to implement support for the most vulnerable categories of the health impacts of fuel poverty and cold homes, eg for chronic patients who have di¢ culty heating their homes.
Introduction
According to the French National Institute of Statistics and Economic Studies (INSEE), in France in 2013, 8:6 million people were considered poor that is to say, lived in household where the standard of living is below the threshold at 60% of the median of standards (poverty threshold). In June 2013, the number of unemployed in category A (Jobless jobseekers obliged to actively seek a job) was 3:28 million (more than 10% of the labour force), up 0:5% on month and 11:2% year on year. More and more French people …nd themselves in …nancial exclusion or are in serious debt. Thus, we are witnessing the growth of a real precarious population. As a result, households are more likely to be restricted in order to heat their homes and move. The number of households in fuel poverty is expected to grow especially considering to the projections of the French Commission for Energy Regulation (CRE), in 2017, the residential regulated tari¤ (respectively professional) will increase by 30:1% (respectively 25:8%) including the Contribution to Electricity Public Services (CSPE)
1 But what do we mean by fuel poverty? The UK government considers that households are in fuel poverty if more than 10 percent of their income is spent on heating.
2 10% is twice the median expenditure on energy consumption calculated from the 1988 Family Expenditure Survey (FES), a survey which provides, among other things, information on UK households such as income and regularity of payments. This objective measure is used by INSEE. Thus, in France, households that spend more than 10% of their income on energy bills are considered to be in fuel poverty. Using this measure and INSEE data in 2013, 3:8 million households seem concerned by this state. But the use of this measure is questionable. Indeed, on the one hand, it is likely that the median level of energy consumption has changed since 1988 and, in addition, that the French level di¤ers from the UK. On the other hand, we can criticize the way this level is calculated and the robustness of the results. For example, a change in temperature threshold used to calculate heating costs can cause large variations in the number of households considered to be in fuel poverty. 3 To re ‡ect the diversity of individual situations and to include only households that are poor, it is possible to consider that the households where the "remaining ressources"after deducting unavoidable expenditure is less than 200 euros per month are in fuel poverty. 4 But, the threshold value at 200 euros does not seem justi…ed. And the choice of the fuel poverty de…nition but also of the threshold are important for policy implication.
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In France, the de…nition in the Article 11 of the French commitment to the environment (Grenelle II law) of 12 July 2010 is the following: a household "is in fuel poverty under this Act a person who has di¢ culties disposing of the necessary energy to satisfy his basic needs due to the inadequacy of his resources or his living conditions". This de…nition re ‡ects the three main factors of fuel poverty 3 , ie vulnerable households because of their low incomes 6; 7; 8 and / or poor heat-ing and insulation standards 9 and high energy prices 10 . On the assumption that fuel poverty is related to a form of poverty, that it is essential to have a multidimensional approach.
11 Thus, he proposes a de…nition of fuel poverty based on the following three criteria: 1) Lack of access to a certain level of utility, among others, the inability to maintain a desired household temperature, or, worse still, unable to keep their housing.
2) The absence of some social primary goods. 12 3) The concept of capabilities. This concept allows us to understand why habits are distributed in di¤erent ways can be summarized as opportunities to do certain things in order to be in certain states. The capability is the combination of functionings that an individual is capable of achieving. "Functionings represent parts of the state of a person -in particular the various things that he or she manages to do or be in leading a life. The capability of a person re ‡ects the alternative combinations of functionings the person can achieve, and from which he or she can choose one collection. The approach is based on a view of living as a combination of various 'doings and beings', with quality of life to be assessed in terms of the capability to achieve valuable functionings".
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People in fuel poverty can not heat their homes at acceptable temperatures set by the World Health Organization (WHO): the main living area must have a temperature of 21 C and the other occupied rooms must have temperatures of 18 C. Thus, the main threat of fuel poverty results in the exposure of the body to low temperatures. To determine the number of households which are in fuel poverty, we use a subjective test such as coldness felt by an individual. Thus, the answer to the question of the french National Housing Survey (database of INSEE): "did you feel cold during the winter?" can approximate the number of French in fuel poverty. The proportion of people responding positively to this question in 2006 was 14:8% against 10:9% in 1996.
The issue of assessment of fuel poverty as part of all precariousness and in connection with other forms of poverty seems essential in order to design e¤ective solutions. One objective of this paper is to understand the interactions between health and fuel poverty. Much British work is devoted to analyzing the links between the various precariousness. Thus, on the one hand, some studies highlighted the negative impact on the physical and mental health of individuals, living in cold poorly heated homes.
14; 15 On the other hand, others show that a poor thermal e¢ ciency, often likened to a characteristic of poor housing, increases the risk of falling into fuel poverty. 16 In addition, a lack of thermal e¢ ciency promotes mildew and moisture that have negative e¤ects on the health of individuals.
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Using data from the epidemiological study LARES (Large Analysis and Review of European housing and health Status) and a logistic regression model, the relationship between the energy e¢ ciency of each household and the health (diseases or symptoms) of its occupants was estimated. 18 . They con…rm, among other things, the relationship between a poor thermal comfort and an increased risk of respiratory and cardiovascular diseases. Indeed, the exposure of the body to low temperatures a¤ects the health. As a matter of fact, the impact of low temperatures on health is characterized by an increase in cardiovascular and respiratory risk.
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Thus, less than 16 C temperature causes respiratory problems; less than 12 C temperature causes circulatory problems and a temperature between 5 C 6 C leads to the risk of hypothermia. A signi…cant relationship exists between the indicator Excess Winter Deaths (EWD) and living in the "Cold-Home". 20 Living in an environment with low temperature causes 1) an increase in blood pressure due to narrowing of blood vessels and 2) an increase in the blood viscocity. 21 However, increased blood pressure and higher blood viscosity, are both factors that increase the risk of Cerebral Vascular Accident (CVA) or heart attacks. Individuals living in a damp house, with the presence of mold and low indoor temperatures, have a higher likelihood of contracting chronic respiratory diseases.
22; 23; 24; 25 Five major studies (Warm Front Scheme, the Scottish Central Heating Programme (CHP), the New Zealand Housing, Insulation and Health Study (HIHS) and Housing, Heatind and Health study (HHHS), National Cente for Social research that led a longitudinal study on the housing conditions and the well-being of children and …nally the U.S. children's sentinel Nutritional Assessment Program (C-SNAP)) with a quasi-experimental design investigation carried out under programs for housing renovation of individuals who are a priori in fuel poverty, reveal a signi…cant effect of these programs on improving one's mental health state.
As a result, many studies highlight the link between housing and certain diseases. But, on the one hand, many of these studies only contain to statistical analysis and therefore don't specify a model to estimate. On the other hand, the majority of these studies are British and focus on speci…c diseases. To overcome the lack of French studies on the link between fuel poverty (through feeling cold) and health, we will specify a dichotomous probit model (Section 2) whose parameters are estimated using the French database of the Healthcare and Insurance survey. So, we analyze the impact of fuel poverty on the health in mainland France undergoing this state, but we also look at other determinants of health, such as, for example the level of education, income, sex, etc. The estimation results are discussed in Section 3. Section 4 contains conclusions.
Methods

Data and de…nition
Database. We use the French database of the Healthcare and Insurance Survey (ESPS). The ESPS is the baseline survey on health, access to health care and health insurance in France. Since 1988, data on the state of health, health insurance, social status and care utilization in a sample of 8; 000 ordinary households, or 22; 000 people were collected. It represents about 96% of the population living in mainland France. Thus, in 2010, the age distribution of the people who were surveyed were the following: 22% of those surveyed were under 16 years of age, 30% were between 16 and 39 years of age, 35% were between 40 and 64 years of age and 13% were over 65. 50:8% were women. 41% were individuals in gainful employment, 6% were unemployed and the the remaining 53% were inactive. 6:4% of those surveyed were single, 8:9% were single parent families, 21:5% were childless couples and 58:8% couples with children. (See Appendix for descriptive statistics)
Fuel poverty. In 2010, the following question was added to the main questionnaire of ESPS submitted to respondents: Over the last winter, has your households su¤ered from the cold, inside your home during at least 24 hours? This question that was also raised in the last national survey French Housing (ENL), conducted in 2006, reveals people undergoing thermal discomfort. Consequently, if we choose as measure of fuel poverty so-called subjective measure or declarative measure that is based on the feeling of cold re ‡ecting the su¤ered thermal discomfort, the individuals who responded positively to this question are considered to be in fuel poverty. Using data from ENL the proportion of people reporting have been cold in the winter has increased dramatically from 10:9% in 1996 to 14:8% in 2006 (+ 3:9 points). More households reported that they restricted their energy expenditure by giving up thermal comfort. 26 Indeed, households were cold in their home more frequently in 2006 than in 2002 have limited their consumption of heating because of its cost (21:5% against 14%). In 2010 ESPS database, 15% of those surveyed reported having been cold last winter. We determine, among other things, whether the fuel poverty is a determining factor in the health status of individuals and in what proportion.
Perceived health. The measurement of health status that we adopt is also a subjective measurement through the following question addressed to the household surveyed: How is your general health? The response categories are …ve in number and are as follows: Very good (30% replied that their health was very good) -Good (43%) -Good (21%) -Bad (5%) -Very bad (1%). This measure of health is considered in the literature as being a good indicator of mortality. 27 Thus, the use of this measure does not reduce the increased explanatory model. 
Model
Method of clustering. We have three sub bases (two bases consist of 8; 305 observations household and an individual basis consists of 22; 850 observations) that were merged for an individual …nal base of 22; 850 observations. To take possible correlations among di¤erent households into account an econometric treatment by Clustering was realized.
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Dichotomous probit model. To determine the probability of self-reporting poor health is dependant on many variables, including those relating to being or not in fuel poverty we use a dichotomous probit model to explain the occurrence an event or not. Let Y i is binary variable equals to 1 if the i th individual say that their health is bad and 0 otherwise. The reason for the variable health has now only two modes while it has …ve in the database, is that the proportional odds assumption is rarely checked, so we can a¤ord to make this dichotomous variable. The observable outcomes (to report poor health) are represented by a binary indicator variable Y i as follows:
where Y i is a latent dependent variable, Pr denotes probability, is the Cumulative Distribution Function of the standard normal distribution (N(0; 1)) and X i all exogenous variables in the model. Y i is generated by a linear regression model of the form:
where 0 is a constant, i the coe¢ cient associated with the variable F uel P overty for the individual i, (F uel P overty) i the variable that corresponds to declaring be in fuel poverty for individual i, X 0 i the vector of exogenous variables such as gender, age, level of education, main occupation, the living area, the type of dwelling, tenure (owned or rented), to su¤er from a long-term illness, etc. (see Appendix 1 for the list of variables) and " i the error term is assumed to follow a Normal  (N(0; 1) ). Note that the choice of the selection of the control variables is not trivial. Indeed, using the same database, in a previous work, we have identi…ed the socio-economic determinants of fuel poverty and thus specify the pro…le of the potentially most vulnerable as fuel poverty individuals.
Results
We use the version of Stata SE 12 to estimate the model (equations (1)-(4) ). The highlighted parts in the Table 1 refer to the variables whose coe¢ cients are signi…cant at the 5% and 10% levels. The post-assessment tests con…rm the correct speci…cation. Indeed, the result of the Hosmer-Lemeshow test (a p-value equals to 0:3) notes a good …t for our logistic regression model. The linktest indicates that the speci…cation of our model is correct. Indeed, we observe that the hatsq has a critical probability greater than 0:05 since equal to 0:9. Wald tests indicate that the coe¢ cients are signi…cantly di¤erent from zero even for the coe¢ cient on fuel poverty. The marginal probability e¤ects (see column 8 of Tables 1 a-c) allow for an easy and fast interpretation of the results. Indeed, these e¤ects are the partial e¤ects of each explanatory variable on the probability that the observed dependant variable Y i = 1; thus they interpreted as the elasticity of to change the variable x ij . Consequently, if the marginal e¤ect is equal to x then if x ij ranges from 1% the probability of Y i = 1 for individual i vary by x%: Fuel poverty and health. We …nd a signi…cant impact of fuel poverty on the probability of reporting poor health at the 5% level. Thus, being in fuel poverty (measured subjectively) increases the probability of 2:36 percentage points to declare poor health. This corroborates the results of the studies presented above and mostly made in the UK that highlighted the existence of a negative impact of fuel poverty on health status.
20;14, 19
Level of education and health. The results indicate that the level of education has an impact on the probability of reporting poor health. Indeed, the higher the level of study is important the lower likelihood that an individual declares a bad state of health. Being out of school or have never been increases the probability of reporting poor health by 7:9 percentage points compared to a person with a level of education Collège (Lower secondary school)-CAP/BEP (Youth Training /BTEC First Diploma). 29 This can potentially be justi…ed by a higher probability of withdrawal care generally in individuals whose level of education is low. In contrast, a higher level of education reduces the probability of reporting poor health by 3:2 percentage points compared to having a level of study Collège-CAP/BEP. Activity, income and health. Regarding the occupation of individuals, it appears that inactivity increases the probability of reporting poor health of almost 3 percentage points compared to an active individual. Without surprise, the variable income per unit of consumption has an impact on the reported health. As in other studies, the higher the level of income per unit of consumption, lower the probability of reporting poor health is important.
30; 31 So, the individual with income per consumption unit (CU) between 1500e 2000e reduces the probability of reporting poor health by about 4 percentage points compared to an individual with a mensuel income between 600e and 1000e.
Psychological state and health. Being constantly sad increases the probability of self-reporting poor health by 5 percentage points compared to an individual claiming never to be sad. Being discouraged also has a negative impact on self-reported health status. In fact, reported being discouraged continually increases the probability of reporting to be in poor health by 8:4 percentage points compared to an individual claiming never be. In contrast, the happy variable has a positive impact on the reported health. Thus, the fact of reporting never be happy increases the probability of reporting poor health by 5:5 percentage points from reporting to be permanently happy.
LDD, chronic illness and health. To not declare a long duration disease (LDD) decreases the probability of reporting poor health by 5:5 percentage points compared to the fact to declare one. Finally, as the LDD, not having declared chronic disease reduces the probability of reporting poor health These results are not surprising since these "objective"health characteristics also a¤ect the perception of our health.
Gender and health. Being a woman increases the probability of reporting poor health by 1:7 poucentage points.
Declaring be obese or underweight reduces the probability of reporting poor health compared to individuals of normal weight. It is di¢ cult to …nd a coherent explanation for this result except perhaps the fact that obese individuals,do not perceive the potential health hazards of their state. Thus, the subjective statement on their health may be biased. The interpretation of the parameter of the variable geographical area is also di¢ cult. We can simply note that people living in the East and West regions have a lower probability of reporting to be in poor health than those living in the Paris region. The age variable has no impact on the threshold of 5%. However, at the 10%, be aged over 60 years increases the probability of reporting poor health by 1:5 percentage points compared to a person under 30 years. The variable indicating whether individuals live in housing with a damp moisisure, has no e¤ect. However, some studies highlight a negative e¤ect thereof on the respiratory health of individuals being exposed. 25; 22; 23; 24 The variable indicating the level of coverage of individual by mutual is not signi…cant. Although a person is not covered or partially covered by a mutual may be more reluctant to use the care that a person with a mutual, because of the costs that could result, it turns out that having or not health coverage is not signi…cant on the state to report poor health. This could be justi…ed by the fact that individuals without complementary health refuse to report their actual health status.
Discussion
Estimating a dichotomous probit model through the French database of the Healthcare and Insurance Survey (ESPS), we can a¢ rm that fuel poverty (coldness) is a determinant of the self-reported health in mainland France. Since fuel poverty has an impact on health, it may be appropriate to target the most vulnerable population. Considering the fuel poverty de…nition of Boardman, two groups of individuals are most likely to fall in fuel poverty. 32 On the one hand, those whose energy consumption is too high in proportion to their income and secondly, those practicing self-restraint to avoid the swelling of their energy bills. Based on this observation, the implementation of a "mutual energy insurance"(provided to the most vulnerable individuals precarious energy -elderly and/or dependent, LDDand exposing their bodies at low temperatures which would cause the most serious consequences for their health) could respond to the phenomenon of self-restraint. Indeed, self-restriction periods of extreme cold, for example, could be partly limited via this "mutual energy insurance" that would take care of the over ‡ow of temporary use. This system is comparable to a complementary health insurance (CHI) type Supplementary Universal Health Care-Coverage (CMU-C: "Couverture Maladie Universelle-Complémentaire") where the additional costs would be covered . It would not necessarily smooth consumption over time. But against it would smooth the cost incurred by this consumption due to the support for a portion of these amounts. Funding could be through participation of the State and a slight increase in the Contribution to the Public Electricity Service (CSPE). In parallel, information systems, prevention and rehabilitation of housing could be established as in the UK (Warm Front scheme, CHP, HHHS, HIHS and C-SNAP). Their objectives are to inform individuals of devices available to them to advise them on how to behave in order to achieve energy savings and increase the degree of energetic e¢ ciency in housing too ine¢ cient. To focus this proposal on the individuals in "fuel poverty" could potentially prevent a substantial amount of expenses incurred by the Health Insurance caused by diseases contracted from exposure to low temperatures. The issue of health care costs caused by the "fuel poverty" state (increased medical consultation or prescription medicines for example) has already been the subject of evaluation work in the UK. Thus, the Chief Medical O¢ cer of the National Health Service (NHS) estimates the cost at 850 million British pounds per year. This amount must therefore challenge policymakers on measures to be implemented to eradicate this growing phenomenon.
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